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Dynamic political choice in macroeconomics	 
Abstract
We analyze positive theories of redistribution, social insurance and public good provision in a dynamic
macroeconomic framework. Political outcomes are determined via repeated voting and driven by a
conflict of interests between agents. Voters and politicians rationally forecast the impact of current
political choices on future political and economic outcomes. The theory is consistent with large
differences in the size of governments across societies. These need not rely on intrinsic differences in
preferences or technology, but may be driven by self-fulfilling expectations about the robustness of the
welfare state.
G|qdplf Srolwlfdo Fkrlfh lq Pdfurhfrqrplfv1
Mrkq KdvvohuW/ Nmhwlo Vwruhvohwwhq_/ dqg Ideul}lr ]lolerwwlh
Dxjxvw 5335
Devwudfw
Zh dqdo|}h srvlwlyh wkhrulhv ri uhglvwulexwlrq/ vrfldo lqvxudqfh dqg sxeolf jrrg
surylvlrq lq d g|qdplf pdfurhfrqrplf iudphzrun1 Srolwlfdo rxwfrphv duh ghwhuplqhg
yld uhshdwhg yrwlqj dqg gulyhq e| d frq lfw ri lqwhuhvwv ehwzhhq djhqwv1 Yrwhuv dqg
srolwlfldqv udwlrqdoo| iruhfdvw wkh lpsdfw ri fxuuhqw srolwlfdo fkrlfhv rq ixwxuh srolwlfdo
dqg hfrqrplf rxwfrphv1 Wkh wkhru| lv frqvlvwhqw zlwk odujh glhuhqfhv lq wkh vl}h ri
jryhuqphqwv dfurvv vrflhwlhv1 Wkhvh qhhg qrw uho| rq lqwulqvlf glhuhqfhv lq suhihuhqfhv
ru whfkqrorj|/ exw pd| eh gulyhq e| vhoi0ixooolqj h{shfwdwlrqv derxw wkh urexvwqhvv ri
wkh zhoiduh vwdwh1
MHO frghv= G:5/ H95/ K44/ K64/ S49
Nh| zrugv= Pdunry htxloleulxp/ pxowlsoh htxloleuld/ srolwlfdo hfrqrp|/ sxeolf jrrgv/
uhglvwulexwlrq/ uhshdwhg yrwlqj/ vrfldo lqvxudqfh/ zhoiduh vwdwh1
W
Lqvwlwxwh iru Lqwhuqdwlrqdo Hfrqrplf Vwxglhv dqg FHSU> h0pdlo= mrkq1kdvvohuCllhv1vx1vh
_
Lqvwlwxwh iru Lqwhuqdwlrqdo Hfrqrplf Vwxglhv dqg FHSU> h0pdlo= nmhwlo1vwruhvohwwhqCllhv1vx1vh1
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Wkh ulvh ri wkh zhoiduh vwdwh lq lqgxvwuldol}hg frxqwulhv lq wkh 53wk fhqwxu| kdv ohg wr dq
xqsuhfhghqwhg fkdqjh lq wkh vl}h dqg vfrsh ri jryhuqphqwv1 Wkh dyhudjh vl}h ri jryhuqphqw
h{sdqghg vxevwdqwldoo| iurp wkh Juhdw Ghsuhvvlrq wr wkh 4<;3*v/ zkhq vrph uhgxfwlrq
wrrn sodfh/ sulpdulo| lq Dqjor0Vd{rq frxqwulhv1 Fxuuhqwo|/ wkh ixwxuh yldelolw| ri zhoiduh
vwdwh lqvwlwxwlrqv lv ehlqj txhvwlrqhg/ jlyhq fkdoohqjhv vxfk dv ghprjudsklf fkdqjhv dqg
lppljudwlrq1 Xqghuvwdqglqj wkh vrxufhv ri wkhvh g|qdplfv lv/ lq rxu rslqlrq/ dprqj wkh
prvw lpsruwdqw wdvnv lq hfrqrplfv1
Wr dqdo|}h wkhvh lvvxhv/ hfrqrplf wkhru| pxvw wdnh dffrxqw qrw rqo| ri wkh hhfwv ri
srolflhv rq hfrqrplf shuirupdqfh/ exw dovr ri krz hfrqrplf shuirupdqfh ihhgv edfn lqwr
wkh ghwhuplqdwlrq ri srolflhv1 Qdpho|/ srolwlfdo hfrqrp| pxvw eh lqwhjudwhg lqwr g|qdplf
pdfurhfrqrplf prghov1 Krzhyhu/ wklv uhvhdufk kdv ehhq kdpshuhg e| whfkqlfdo gl!fxowlhv1
Wklv sdshu suhvhqwv d qhz dssurdfk wr dqdo|}h wkh g|qdplfv ri uhglvwulexwlyh srolflhv +vxfk
dv jryhuqphqw hpsor|phqw/ uhglvwulexwlrq/ khdowk fduh/ ru vrfldo vhfxulw|, ryhufrplqj vrph
ri wkhvh gl!fxowlhv1
Rxu wkhru| kdv wkh iroorzlqj exloglqj eorfnv=
41 Dq| srolwlfdo frq lfw ruljlqdwhv iurp wkh idfw wkdw shrsoh duh khwhurjhqrxv1 Lq wkh
dqdo|vlv ri zhoiduh vwdwh srolflhv/ djh dqg hduqlqjv duh dprqj wkh prvw vdolhqw gl0
phqvlrqv dorqj zklfk shrsoh glhu1 Lqglylgxdo hduqlqjv duh/ lq wxuq/ ghwhuplqhg e|
lqglylgxdo lqyhvwphqwv/ lqqdwh delolw| dqg oxfn1
51 Lq jhqhudo/ jryhuqphqw dfwlylw| kdv glvwruwlrqdu| hhfwv1 Lq sduwlfxodu/ zhoiduh vwdwh
srolflhv uhgxfh wkh uhwxuqv wr lqglylgxdo lqyhvwphqwv dqg hruw e| htxdol}lqj wkh
h{0srvw lqfrph dfurvv djhqwv1 Wkxv/ zhoiduh vwdwh srolflhv dhfw wkh glvwulexwlrq ri
lqglylgxdo hduqlqjv dfurvv yrwhuv ryhu wlph1
61 Lq ghprfudflhv/ fxuuhqw srolflhv duh ghwhuplqhg e| srolwlfdo surfhvvhv zlwk d olplwhg
delolw| wr frpplw wr ixwxuh srolflhv1 Lq sduwlfxodu/ yrwhuv fdq qhlwkhu frpplw wr wkhlu
rzq ixwxuh yrwlqj ehkdylru/ qru frpplw wkh fkrlfhv ri ixwxuh jhqhudwlrqv1
71 Ixwxuh jhqhudwlrqv duh xqghu0uhsuhvhqwhg lq fxuuhqw srolwlfdo ghflvlrqv e| zklfk wkh|
duh dhfwhg1
Lq frpelqdwlrq/ wkhvh irxu srlqwv lpso| ulfk g|qdplf lqwhudfwlrqv ehwzhhq srolwlfv dqg
pdfurhfrqrplfv1 Fxuuhqw srolwlfdo ghflvlrqv dhfw lqyhvwphqw lqfhqwlyhv zklfk kdyh dq
lpsdfw rq wkh ixwxuh lqfrph glvwulexwlrq dqg/ khqfh/ rq wkh ixwxuh srolwlfdo fkrlfhv1 Wklv
4
fuhdwhv vfrsh iru g|qdplf vwudwhjlf srolf|0pdnlqj= srolwlfldqv dqg yrwhuv wdnh lqwr dffrxqw
wkh hhfw ri wkhlu srolwlfdo fkrlfhv rq erwk pdfurhfrqrplf dqg srolwlfdo g|qdplfv1
Wklv sdshu frqvwuxfwv dq ryhuodsslqj jhqhudwlrqv prgho zkhuh |rxqj djhqwv pdnh d
kxpdq fdslwdo lqyhvwphqw/ ghwhuplqlqj wkhlu suredelolw| ri vxffhvv +dv phdvxuhg e| lqfrph,
lq olih14 Dv lq srlqw +4, deryh/ djhqwv gr qrw rqo| glhu lq djh exw dovr lq oxfn dqg lq lqqdwh
delolw|/ zklfk ghwhuplqhv wkh h{shfwhg uhwxuqv wr kxpdq fdslwdo lqyhvwphqwv1 Wkh uhwxuq
wr lqglylgxdo kxpdq fdslwdo lqyhvwphqwv lv dvvxphg wr eh vwrfkdvwlf zlwk shuvlvwhqw hhfwv
rq djhqwv* lqfrph/ pdnlqj lqglylgxdov pruh khwhurjhqrxv dv wkh| jurz roghu1 Wkhuhiruh/
wkh lqlwldo lqyhvwphqw/ wrjhwkhu zlwk wkh uhdol}dwlrq ri oxfn/ whqgv wr orfn0lq djhqwv*
suhihuhqfhv ryhu uhglvwulexwlrq1 Dv lq +5,/ wkhuh lv d jryhuqphqw wkdw wd{hv djhqwv dqg xvhv
wkh surfhhgv wr qdqfh uhglvwulexwlyh surjudpv zklfk glvwruw kxpdq fdslwdo lqyhvwphqw dqg
kdyh shuvlvwhqw hhfwv rq hduqlqjv glvwulexwlrq1 Dv lq +6,/ srolflhv duh ghwhuplqhg wkurxjk
yrwlqj1 Djhqwv fdqqrw frpplw wr yrwh lq d sduwlfxodu zd| lq wkh ixwxuh/ dqg rqo| olylqj
jhqhudwlrqv yrwh +dv lq +7,,1 Vwudwhjlf prwlyhv iru srolwlfdo fkrlfh +h1j1/ g|qdplf yrwlqj,
dulvh iurp wkh idfw wkdw wkh hqgrjhqrxv hyroxwlrq ri lqfrph glvwulexwlrq ghshqgv rq sdvw/
fxuuhqw dqg +h{shfwhg, ixwxuh srolflhv1
Zh irfxv rq wzr lpsruwdqw frpsrqhqwv ri uhglvwulexwlyh jryhuqphqw srolflhv> wudqvihuv
wr orz0lqfrph djhqwv dqg wkh surylvlrq ri sxeolf jrrgv1 Iroorzlqj frpprq sudfwlfh lq
wkh sxeolf hfrqrplfv olwhudwxuh/ zh lpsrvh uhvwulfwlrqv rq wkh srolf| vsdfh1 Lq wkh wudqvihu
prgho +vhfwlrq 6,/ djhqwv yrwh ryhu ehqhwv wr orz0lqfrph djhqwv/ qdqfhg e| oxps0vxp
wd{dwlrq1 Lq wkh sxeolf jrrg prgho +vhfwlrq 7,/ djhqwv yrwh ryhu olqhdu lqfrph wd{dwlrq wr
qdqfh d sxeolf jrrg/ zkhuh wd{ udwhv duh doorzhg wr eh djh0ghshqghqw1 Lq erwk prghov/
wkh lqyhvwphqw ri wkh |rxqj ghfuhdvhv lq wkh h{whqw ri wd{dwlrq1
Zh frqvlghu wzr dowhuqdwlyh srolwlfdo phfkdqlvpv/ l1h1/ pdmrulw| yrwlqj dqg suredelolvwlf
yrwlqj1 Lq wkh iruphu/ wkh phgldq yrwhu ghflghv wkh srolf| rxwfrph1 Lq wkh odwwhu/ wkh
lqwhqvlw| ri suhihuhqfhv ri glhuhqw jurxsv ri yrwhuv lv dovr ri lpsruwdqfh/ dqg wkhuh lv d
vprrwk pdsslqj iurp glvwulexwlrq ri w|shv lqwr srolf| rxwfrphv +vhh Shuvvrq dqg Wdehoolql/
5333/ iru ghwdlov,1
5 Wkh prgho
Wkh prgho hfrqrp| frqvlvwv ri d frqwlqxxp ri wzr0shulrg olyhg ulvn0qhxwudo djhqwv zkhuh
hdfk jhqhudwlrq kdv d xqlw pdvv1 Djhqwv duh ri wzr w|shv dw eluwk> kljk0 dqg orz0delolw|/ lq
4Wkh prgho exlogv rq Kdvvohu/ Urguljxh} Prud/ Vwruhvohwwhq/ dqg ]lolerwwl +5336,/ Kdvvohu/ Nuxvhoo/
Vwruhvohwwhq/ dqg ]lolerwwl +5335, dqg Kdvvohu/ Vwruhvohwwhq/ dqg ]lolerwwl +5335,1 Iurp qrz rq/ wkhvh sdshu
zloo eh uhihuuhg wr dv KUV]/ KNV] dqg KV]/ uhvshfwlyho|1
5
sursruwlrq  dqg 4/ uhvshfwlyho|1 Kljk0delolw| djhqwv fdq dhfw wkhlu survshfwv lq olih e|
dq lqlwldo hgxfdwlrqdo lqyhvwphqw1 Lq sduwlfxodu/ wkh| fdq eh vxffhvvixo ru xqvxffhvvixo dqg
wkh lqyhvwphqw lqfuhdvhv wkhlu suredelolw| ri ehlqj vxffhvvixo1 Wkh +hruw, frvw ri lqyhvwphqw
lv h2/ zkhuh h lv wkh suredelolw| ri ehlqj vxffhvvixo1 Vxffhvvixo kljk0delolw| djhqwv hduq d kljk
zdjh/ z> zkhuhdv xqvxffhvvixo kljk0delolw| djhqwv hduq d orzhu zdjh/ qrupdol}hg wr }hur1
Djhqwv zrun lq erwk shulrgv ri wkhlu olih dqg wkh dvvxpswlrq ri shuihfw fruuhodwlrq ehwzhhq
uvw dqg vhfrqg0shulrg lqfrph lv pdgh iru vlpsolflw|1 Orz0delolw| djhqwv duh ghhphg wr eh
xqvxffhvixo dqg hduq d orz zdjh/ luuhvshfwlyh ri wkhlu lqyhvwphqw1
D jryhuqphqw uhglvwulexwhv uhvrxufhv e| wudqvihuulqj ez xqlwv ri frqvxpswlrq wr orz
lqfrph djhqwv dqg surylghv d sxeolf jrrg/ ghqrwhg e| j1 Zh ghqrwh wkh lqfrph wd{ rq
rog dqg |rxqj vxffhvvixo djhqwv e|  dqg t / uhvshfwlyho|1 Lq vrph fdvhv/ zh ohw wkh
jryhuqphqw kdyh dffhvv wr oxps vxp wd{hv/ ghqrwhg e|  |1
5 Wd{hv duh vhw ehiruh wkh
|rxqj djhqwv ghflgh rq wkhlu lqyhvwphqw1 Ilvfdo srolflhv duh frqvwudlqhg wr hqvxuh wkdw wkh
jryhuqphqw exgjhw edodqfhv lq hyhu| shulrg dqg wkdw e 5 ^3> 4`/ t 5 ^3> 4`/  5 ^3> 4`/ dqg
 5 ^3> z`1
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zkhuh Y Jr/ Y J/ dqg Y + ghqrwh wkh xwlolw| ri rog vxffhvvixo/ rog xqvxffhvvixo +lqfoxglqj
orz0delolw| djhqwv,/ dqg |rxqj kljk0delolw| djhqwv/ uhvshfwlyho|1 Y + lv frpsxwhg sulru
wr lqglylgxdo vxffhvv ru idloxuh1  5 ^3> 4` lv wkh glvfrxqw idfwru dqg d phdvxuhv djhqwv*
pdujlqdo ydoxdwlrq ri wkh sxeolf jrrg/ dvvxphg wr eh frqvwdqw1
Lw lv vwudljkwiruzdug wr vkrz wkdw wkh vroxwlrq wr wkh rswlpdo lqyhvwphqw sureohp ri
wkh |rxqj/ jlyhq srolflhv/ lv hW| @

4 .  







z@5 dqg zh uhvwulfw
wkh sdudphwhuv dqg ihdvleoh srolflhv wr hqvxuh wkdw hW| 5 ^3> 4` = Vlqfh kljk0delolw| djhqwv duh
h{0dqwh lghqwlfdo/ djhqwv ri wkh vdph frkruw fkrrvh wkh vdph lqyhvwphqw/ lpso|lqj wkdw wkh
sursruwlrq ri rog kljk0delolw| xqvxffhvvixo lq shulrg w . 4> ghqrwhg e| x|n/ lv jlyhq e|
4 hW| 1
Dv d ehqfkpdun/ srolwlfdo ghflvlrqv duh ghwhuplqhg e| wkh h{0srvw frq lfw ri lqwhuhvwv
ehwzhhq lqglylgxdov zkr nqrz wkhlu surgxfwlylw|1 Wr wklv hqg/ zh dvvxph wkdw rqo| wkh rog
5Dv phqwlrqhg deryh/ zh irfxv rq hfrqrplhv zkhuh jryhuqphqw dfwlylw| lv glvwruwlrqdu|1 Wkxv/ lq hdfk ri
wkh fdvhv zklfk zh h{dplqh/ wkh jryhuqphqw kdv dffhvv rqo| wr d vxevhw ri wkh srolf| lqvwuxphqwv ghvfulehg
lq wkh jhqhudo prgho1
6
kdyh yrwlqj uljkwv +vhh KUV]/ iru plfurirxqgdwlrqv,1 Zh eulh | frpphqw rq wkh fdvh lq
zklfk wkh |rxqj dovr sduwlflsdwh1
6 Jryhuqphqw wudqvihuv1
614 Lqh!flhqw uhglvwulexwlrq
Iroorzlqj KUV]/ zh dvvxph wkdw wkh jryhuqphqw rqo| surylghv wudqvihuv dqg wkdw wd{hv





@ 3= Djhqwv yrwh ryhu
uhglvwulexwlrq/ e| 5 ^3> 4` > dqg wkh jryhuqphqw exgjhw frqvwudlqw slqv grzq  |=
E| vxevwlwxwlqj iru  | dqg h
W
|
lq wkh jryhuqphqw exgjhw frqvwudlqw/ wkh lqgluhfw xwlolw|
ixqfwlrqv ri wkh rog fdq eh zulwwhq dv=
Y Jr+e|> e|n> x|, @ 4 + +4  . e| . e|n, . 5 +4 . x|,, e|@7> +4,
Y J+e|> e|n> x|, @ e|  + +4  . e| . e|n, . 5 +4 . x|,, e|@7> +5,
zkhuh/ iru vlpsolflw|/ zh vhw z @ 4=
Wkh rog vxffhvvixo glvolnh wudqvihuv/ vlqfh uhglvwulexwlrq lqfuhdvhv wd{hv dqg wkh| duh
qrw hqwlwohg wr ehqhwv +vhh htxdwlrq +4,,1 Lq frqwudvw/ htxdwlrq +5, vkrzv wkdw wkh rog
xqvxffhvvixo duh ehwwhu r zlwk vrph uhglvwulexwlrq1 Wkhlu suhihuhqfhv iru uhglvwulexwlrq
duh qrq0prqrwrqlf/ krzhyhu/ gxh wr d vwdqgdug Odhu fxuyh hhfw1 Erwk jurxsv glvolnh
ixwxuh uhglvwulexwlrq +erwk Y Jr dqg Y J duh ghfuhdvlqj lq e|n,/ vlqfh wklv lv ri qr ydoxh wr
wkh rog/ zkloh lw glvwruwv wkh lqyhvwphqw lqfhqwlyhv ri wkh |rxqj dqg lqfuhdvhv wkh qxpehu
ri |rxqj ehqhfldulhv1
Xqghu pdmrulw| yrwlqj/ e| lv fkrvhq hdfk shulrg vr dv wr pd{lpl}h wkh xwlolw| ri wkh
jurxs lq pdmrulw| wkdw shulrg1 Li wkh vxffhvvixo duh lq pdmrulw|/ wkh| vhw e| @ 3= Li wkh
xqvxffhvvixo duh lq pdmrulw|/ wkh| lqvwhdg vhw e| A 3= Wkh pd{lpl}dwlrq ri Y
J ryhu e|
vkrzv wkdw wkh ohyho ri ehqhwv fkrvhq e| wkh xqvxffhvvixo ghshqgv qhjdwlyho| rq erwk x|
dqg e|n= Wklv ghshqghqfh lv wkh vrxufh ri g|qdplf srolwlfdo fkrlfh= lw zrxog eh luudwlrqdo
iru yrwhuv +dqg srolwlfldqv, dw w wr wdnh e|n dv sdudphwulf vlqfh wkh fxuuhqw fkrlfh ri e|
dhfwv x|n zklfk/ lq wxuq/ dhfwv wkh ixwxuh fkrlfh ri e|n1 Lq sduwlfxodu/ wkh xqvxffhvvixo
phgldq yrwhu fdq dhfw wkh lghqwlw| ri wkh phgldq yrwhu lq wkh qh{w shulrg wkurxjk wkh
fkrlfh ri e|1 Li wkh vxffhvvixo djhqwv duh lq pdmrulw| qh{w shulrg/ wkh| zloo vhw e|n @ 3/
zklfk ehqhwv doo rog djhqwv dw w frpsduhg wr d vlwxdwlrq zkhuh wkh xqvxffhvvixo djhqwv duh
lq pdmrulw|1 Wkhuhiruh/ wkh rog xqvxffhvvixo pd| qg lw rswlpdo wr vwudwhjlfdoo| uhvwudlq
wkhlu ghpdqg iru fxuuhqw uhglvwulexwlrq wr hqvxuh wkdw vxfk dq dqwl0zhoiduh vwdwh pdmrulw|
zloo pdwhuldol}h qh{w shulrg1
7
Rxu irupdo dqdo|vlv irfxvhv rq Pdunry htxloleuld/ l1h1/ djhqwv gr qrw wdnh wkh ixwxuh
srolf| rxwfrphv/ exw/ udwkhu/ wkh htxloleulxp srolf| ixqfwlrqv dv jlyhq1 Wkhvh htxloleuld
fdq eh fkdudfwhul}hg e| vwdqgdug uhfxuvlyh phwkrgv/ dowkrxjk lq prvw fdvhv/ lw lv qrw srv0
vleoh wr ghulyh dqdo|wlfdo fkdudfwhul}dwlrqv1 Olqhdu0txdgudwlf suhihuhqfhv/ krzhyhu/ pdnhv
lw srvvleoh wr jxhvv0dqg0yhuli| wkh htxloleulxp srolf| ixqfwlrqv dqg rewdlq d forvhg0irup
fkdudfwhul}dwlrq ri wkh htxloleuld1
KUV] vkrz wkdw/ lq wklv prgho/ pxowlsoh htxloleuld h{lvw1 Rqh fodvv ri htxloleuld ihd0
wxuhv wkh shushwxdo vxuylydo ri wkh zhoiduh vwdwh/ dv orqj dv wkh rog xqvxffhvvixo duh lqlwldoo|
lq pdmrulw|1 Lq wkhvh htxloleuld/ wkh rog xqvxffhvvixo yrwh iru jhqhurxv wudqvihu surjudpv
glvwruwlqj lqglylgxdo lqfhqwlyhv lq d zd| wkdw uhjhqhudwhv wkh frqvwlwxhqf| iru wkh surjudpv
wkhpvhoyhv +l1h1/ wkh xqvxffhvvixo uhpdlq lq pdmrulw|,1 Wkxv/ uhglvwulexwlyh surjudpv duh
shuvlvwhqw1 Li/ iru lqvwdqfh/ d vkrfn vxfk dv wkh Juhdw Ghsuhvvlrq vxgghqo| lqfuhdvhv wkh gh0
pdqg iru uhglvwulexwlrq/ wklv ghpdqg pd| frqwlqxh diwhu wkh hfrqrp| kdv dfwxdoo| uhfryhuhg
iurp wkh vkrfn1 Dqrwkhu h{dpsoh ri vxfk shuvlvwhqfh lv wkh g|qdplfv ri xqhpsor|phqw dqg
xqhpsor|phqw lqvxudqfh lq Hxurshdq frxqwulhv diwhu wkh rlo vkrfnv1 Wkh vkrfn lqfuhdvhg
xqhpsor|phqw dqg wkh srolwlfdo ghpdqg iru pruh jhqhurxv xqhpsor|phqw ehqhwv/ zklfk
dujxdeo| ihg edfn lqwr kljkhu xqhpsor|phqw1
Wkhuh lv dovr dqrwkhu fodvv ri htxloleuld/ zkhuh dq h{lvwlqj zhoiduh vwdwh lv luuhyhuvleo|
whuplqdwhg1 Lq wkhvh htxloleuld/ wkh rog xqvxffhvvixo yrwh vwudwhjlfdoo| iru prghudwh uhglv0
wulexwlrq/ vr dv wr lqgxfh d pdmrulw| ri vxffhvvixo wkdw zloo yrwh iru }hur uhglvwulexwlrq lq wkh
qh{w shulrg1 Wkh h{shfwdwlrq wkdw e|n @ 3 lqgxfhv wkh |rxqj wr lqyhvw pruh lq shulrg w/
wkxv uhgxflqj wkh qxpehu ri wudqvihu ehqhfldulhv dqg wkh wd{ exughq1 Lqwhuhvwlqjo|/ wkhvh
htxloleuld duh pruh hdvlo| vxvwdlqhg zkhq wkh suh0wd{ zdjh lqhtxdolw| lv kljkhu +l1h1/ odujhu
z,/ vlqfh wklv vwuhqjwkhqv wkh lqfhqwlyhv iru sulydwh lqyhvwphqwv dqg uhgxfhv wkh srolwlfdo
vxssruw iru uhglvwulexwlyh surjudpv1 Wklv suhglfwlrq lv frqvlvwhqw zlwk wkh revhuydwlrq wkdw/
lq wkh 4<;3*v/ Wkdwfkhu dqg Uhdjdq zhuh hohfwhg zlwk d pdqgdwh wr gudvwlfdoo| grzqvl}h
vrfldo srolflhv gxulqj wlphv dvvrfldwhg zlwk d vljqlfdqw lqfuhdvh lq zdjh lqhtxdolw| lq wkh
XN dqg wkh XV1 Lq frqwudvw/ wkhuh zhuh qr odujh fxwv lq vrfldo h{shqglwxuh lq frqwlqhqwdo
Hxursh/ dqg wkhuh zdv rqo| d vpdoo lqfuhdvh lq zdjh lqhtxdolw|1
Wkhvh uhvxowv duh vhqvlwlyh wr wkh vshflfdwlrq ri wkh yrwlqj phfkdqlvp1 Lq d prgho
ri suredelolvwlf yrwlqj/ wkh yrwlqj htxloleulxp lv d srolf| pd{lpl}lqj d zhljkwhg dyhudjh
ri wkh xwlolw| ri doo yrwhuv1 Xqghu wkh dvvxpswlrq wkdw doo yrwhuv kdyh d v|pphwulf lq x0




J1 Lq wklv fdvh/ jlyhq xf/ wkh htxloleulxp ihdwxuhv srvlwlyh uhglvwulexwlrq
rqo| dv orqj dv xf A +4 , @51 Wkh htxloleulxp ohyho ri e| lv olqhduo| lqfuhdvlqj zlwk
x| dqg/ li wkh hfrqrp| vwduwv zlwk d srvlwlyh ohyho ri uhglvwulexwlrq/ erwk e dqg x ghfolqh
8
prqrwrqlfdoo| ryhu wlph/ dqg lq wkh orqj0uxq/ wkhuh lv qr uhglvwulexwlrq16
Dsduw iurp jhqhudwlqj glhuhqw orqj0uxq suhglfwlrqv/ wkh wzr srolwlfdo prghov kdyh
glhuhqw wudqvlwlrqdo g|qdplfv1 Xqghu pdmrulw| yrwlqj/ wkh htxloleulxp zlwk wkh vxuylydo
ri wkh zhoiduh vwdwh ihdwxuhv rvfloodwru| frqyhujhqfh wr wkh vwhdg|0vwdwh/ zkloh/ dv phqwlrqhg
deryh/ suredelolvwlf yrwlqj lpsolhv prqrwrqh frqyhujhqfh1 Wkhvh frqwudvwlqj uhvxowv dulvh
iurp wkh suhvhqfh ri wzr rssrvlwh irufhv1 Rq wkh rqh kdqg/ wkh odujhu wkh fxuuhqw vkduh ri
wudqvihu ehqhfldulhv/ wkh kljkhu wkh wd{ frvw shu xqlw ri ehqhwv1 Wkxv/ frvw frqvlghudwlrqv
whqg wr jhqhudwh d qhjdwlyho| vorshg uhodwlrqvkls ehwzhhq e dqg x dqg/ khqfh/ rvfloodwru|
g|qdplfv1 Rq wkh rwkhu kdqg/ xqghu suredelolvwlf yrwlqj/ wkh odujhu lv x/ wkh odujhu lv
wkh srolwlfdo suhvvxuh iru uhglvwulexwlrq/ vlqfh wkh zhljkw ri wkh xqvxffhvvixo lqfuhdvhv zlwk
x1 Wklv srolwlfdo srzhu hhfw whqgv wr jhqhudwh d srvlwlyho| vorshg uhodwlrqvkls ehwzhhq
e dqg x dqg/ khqfh/ prqrwrqh g|qdplfv1 Wkh srolwlfdo srzhu hhfw grplqdwhv xqghu
suredelolvwlf yrwlqj/ wkhuhe| jhqhudwlqj prqrwrqlf g|qdplfv1 Li srolflhv zhuh dozd|v fkrvhq
e| d sduwlfxodu jurxs/ zkrvh lghqwlw| uhpdlqhg xqfkdqjhg ryhu wlph/ wkh srolwlfdo srzhu
hhfw zrxog eh devhqw1 Wklv lv suhflvho| zkdw kdsshqv lq wkh htxloleulxp ihdwxulqj wkh
vxuylydo ri wkh zhoiduh vwdwh1 Lq wklv fdvh/ wkh g|qdplfv duh hqwluho| gulyhq e| wkh frvw
hhfw/ dqg frqyhujhqfh lv rvfloodwru|1
615 H{0dqwh ydoxdeoh uhglvwulexwlrq
Wkh dqdo|vlv fduulhg rxw vr idu irfxvhv rq lqh!flhqw uhglvwulexwlrq1 Vlqfh djhqwv duh ulvn
qhxwudo dqg uhglvwulexwlrq lv glvwruwlrqdu|/ d ehqhyrohqw sodqqhu dwwdfklqj duelwudu| zhljkwv
rq wkh zhoiduh ri suhvhqw dqg ixwxuh jhqhudwlrqv zrxog dozd|v fkrrvh }hur uhglvwulexwlrq
h{fhsw/ srvvleo|/ lq wkh uvw shulrg17 Wkhuh duh/ krzhyhu/ d ydulhw| ri uhdvrqv zk| uh0
glvwulexwlrq pd| eh h{0dqwh ghvludeoh1 D odujh erg| ri olwhudwxuh kdv hpskdvl}hg wkh
h!flhqf|0hqkdqflqj uroh ri uhglvwulexwlrq dqg sxeolf lqvxudqfh lq wkh suhvhqfh ri fdslwdo
pdunhw lpshuihfwlrqv +vhh h1j1 Jdoru dqg ]hlud/ 4<<6/ Ehqderx/ 4<<9 dqg 5333/ dqg Djklrq
dqg Erowrq/ 4<<:,1
6Wklv uhvxow fdq eh lqwhusuhwhg dv iroorzv= zkhq rqo| wkh rog lq xhqfh wkh srolwlfdo rxwfrph/ wkh htxl0
oleulxp uhglvwulexwlrq/ Kc pd{lpl}hv wkh dyhudjh lqfrph ri wkh rog1 Wklv lpsolhv wkdw wkh zlqqlqj srolwlfldq
pd{lpl}hv wkh lqwhujhqhudwlrqdo wudqvihu iurp |rxqj wr rog djhqwv/ zlwkrxw dq| frqfhuq iru lqwudjhqhud0
wlrqdo uhglvwulexwlrq1 Lqwhujhqhudwlrqdo wudqvihuv lq idyru ri wkh fxuuhqw yrwhuv +l1h1/ wkh rog, fdq/ krzhyhu/
eh dfklhyhg rqo| li wkh sursruwlrq ri rog ehqhfldulhv lv kljkhu wkdq wkh sursruwlrq ri |rxqj ehqhfldulhv/
l1h1/ li | : |n1 Wkh jds |3|n vkulqnv dorqj wudqvlwlrq/ dqg wkh sursruwlrq ri ehqhfldulhv dssurdfkhv
d vwhdg|0vwdwh ohyho zlwk qr vfrsh iru uhglvwulexwlrq1
7Zh uhihu wr vhfrqg0ehvw h!flhqf| dv wkh +Udpvh|, doorfdwlrq fkrvhq e| d sodqqhu zkr fdq vhw/ zlwk ixoo
frpplwphqw/ wkh sdwk ri ehqhwv/ tK|
"
|'f
exw lv vxemhfw wr d shulrg0e|0shulrg exgjhw frqvwudlqw dqg dq
lpsohphqwdelolw| frqvwudlqw/ l1h1 sulydwh djhqwv lqyhvwlqj dffruglqj wr eW EK|c K|n1
9
Wkh lqvxudqfh ydoxh ri uhglvwulexwlyh surjudpv fdq rqo| eh fdswxuhg e| d prgho zlwk
ulvn dyhuvh djhqwv1 Xqiruwxqdwho|/ hyhq wkh vlpsoh prgho suhvhqwhg deryh ehfrphv xq0
wudfwdeoh xqghu vwdqgdug suhihuhqfhv ihdwxulqj ulvn dyhuvlrq +h1j1/ FUUD,1 KNV] frqvwuxfw
d prglhg yhuvlrq ri wkh prgho zkhuh dqdo|wlfdo vroxwlrqv fdq eh irxqg/ krzhyhu1 Wkh nh|
lghd lv wr ohw wkh orz0delolw| djhqwv kdyh d pdujlqdo xwlolw| } A 4/ l1h1 kljkhu wkdq wkdw
ri wkh kljk0delolw| djhqwv18 Lq d prgho zlwk suredelolvwlf yrwlqj/ wkh zlqqlqj srolwlfldq
pd{lpl}hv  +4 x|,Y
Jr.+} +4 , . x|,Y
J1 Lq wklv fdvh/ wkh htxloleulxp ihdwxuhv srv0
lwlyh uhglvwulexwlrq lq wkh orqj uxq1 Wkh uhdvrq lv wkdw e| kdylqj d kljkhu pdujlqdo xwlolw|/
wkh orz0delolw| djhqwv h{huw d odujhu srolwlfdo lq xhqfh lq ghwhuplqlqj wkh srolflhv +lq wkh
srolwlfdo hfrqrp| mdujrrq/ wkh| kdyh pruh vzlqj yrwhuv,1 Wkh orqj0uxq vl}h ri wudqvihuv/
dv zhoo dv wkh g|qdplfv ri uhglvwulexwlrq/ ghshqgv fulwlfdoo| rq wkh sdudphwhu }= Zkhq
wkh orz0delolw| djhqwv kdyh d uhodwlyho| orz +kljk, pdujlqdo xwlolw| ri frqvxpswlrq/ wkh g|0
qdplfv ri wudqvihuv duh prqrwrqh +rvfloodwru|,/ dqg orqj0uxq wudqvihuv duh vpdoo +odujh, lq
uhodwlyh whupv1
Wkh qrupdwlyh dqdo|vlv lv ulfkhu lq wklv fdvh/ vlqfh uhglvwulexwlrq lv lqwulqvlfdoo| ydoxdeoh1
KNV] fkdudfwhul}h wkh vhfrqg0ehvw doorfdwlrq/ dqg vkrz wkdw wklv wr eh wlph0lqfrqvlvwhqw1
Zkhq/ dw wlph }hur/ wkh sodqqhu fkrrvhv wkh vhtxhqfh ri ixwxuh uhglvwulexwlrq/ vkh wdnhv
lqwr dffrxqw krz/ iru doo w A 3/ e| lq xhqfhv hruw lq shulrg w 41 Lq wkh uvw shulrg/ xf lv
suhghwhuplqhg/ krzhyhu/ dqg wkh sodqqhu fdq ljqruh wkh glvwruwlrqdu| hhfw ri ef rq h3=
Vkh lv wkhuhiruh lqgxfhg wr fkrrvh pruh jhqhurxv uhglvwulexwlrq1 E| wkh vdph wrnhq/ lq
hyhu| shulrg/ wkh sodqqhu lv whpswhg wr uh0rswlpl}h dqg gholyhu pruh uhglvwulexwlrq wkdq
surplvhg diwhu dq dgglwlrqdo jhqhudwlrq ri rog kdv lqyhvwhg1 Dv rssrvhg wr wkh sodqqhu/ wkh
srolwlfdo htxloleulxp odfnv d frpplwphqw whfkqrorj| wr ryhufrph wklv wlph0lqfrqvlvwhqf|
+uhfdoo wkdw djhqwv fdqqrw wlh wkhlu kdqgv zlwk uhvshfw wr wkhlu ixwxuh yrwlqj ehkdylru,1 Iru
wklv uhdvrq/ wkh srolwlfdo htxloleulxp idlov wr gholyhu wkh vhfrqg0ehvw dprxqw ri uhglvwulexwlrq
dqg/ lq prvw fdvhv/ surylghv wrr pxfk uhglvwulexwlrq1 Lq dgglwlrq/ KNV] vkrz wkdw wkh odfn
ri frpplwphqw whqgv wr gdpshq rvfloodwlrqv +frpsduhg wr wkh vhfrqg ehvw rxwfrph,1 Lq
idfw/ lq prvw fdvhv/ wkh vhfrqg0ehvw vroxwlrq ihdwxuhv olplw f|fohv/ zkhuhdv wkh htxloleulxp
doorfdwlrq dozd|v frqyhujhv wr d vwhdg|0vwdwh ohyho ri uhglvwulexwlrq1
8Pruh suhflvho|/ KNV] dvvxph wkdw hyhq orz delolw| djhqwv/ zkr duh dvvxphg wr eh srruhu wkdq kljk
delolw| djhqwv/ kdyh vwrfkdvwlf olihwlph hduqlqjv1 Lq dgglwlrq/ doo djhqwv kdyh d frqfdyh slhfhzlvh olqhdu
xwlolw| zlwk d nlqn vxfk wkdw wkh frqvxpswlrq ri xqvxffhvvixo orz delolw| djhqwv lv ehorz wkh nlqn/ zkloh
wkh frqvxpswlrq ri doo rwkhu djhqwv lv dozd|v deryh wkh nlqn/ luuhvshfwlyh ri wkh uhglvwulexwlyh srolf|1 Wkxv/
jryhuqphqw wudqvihuv surylgh orz0delolw| djhqwv zlwk ydoxdeoh lqvxudqfh1
:
7 Surylvlrq ri sxeolf jrrgv zlwk djh0ghshqghqw wd{hv
Lq wklv vhfwlrq/ zh iroorz KV] dqg irfxv rq wkh surylvlrq ri sxeolf jrrgv1 Wkh jryhuqphqw
fdq lpsrvh olqhdu djh0ghshqghqw wd{hv rq lqfrph/ exw kdv qr dffhvv wr oxps0vxp uhglvwul0
exwlrq + @ 3,1 Vxevwlwxwlqj iru j| dqg h
W
| lq htxdwlrqv +4,0+5,/ wkh lqgluhfw xwlolw| ixqfwlrqv
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lv wkh dprxqw ri sxeolf jrrg qdqfhg e| wd{hv ohylhg rq wkh |rxqj1
Dv ehiruh/ zh vwduw rxu dqdo|vlv zlwk pdmrulw| yrwlqj1 Lq hdfk shulrg/ djhqwv yrwh
vlpxowdqhrxvo| rq wkh lqfrph wd{ udwh rq wkh rog/ | > dqg wkh |rxqj/ 
t
| 1 Wkh sxeolf jrrg
lv wkhq ghwhuplqhg e| wkh jryhuqphqw edodqfhg exgjhw frqglwlrq1 Wkh dqdo|vlv lv vlpsolhg
e| wkh idfw wkdw yrwhuv* suhihuhqfhv ryhu | gr qrw lqwhudfw zlwk yduldeohv ghwhuplqhg lq
wkh ixwxuh +vhh htxdwlrq +6,0+7,,1 Rq wkh rqh kdqg/ dv orqj dv d ? 4 +zklfk zh dvvxph,/
wkh rog kdyh frq lfwlqj lqwhuhvwv zlwk uhvshfw wr wkh fxuuhqw wd{dwlrq ri wkh rog/ | = wkh
vxffhvvixo zdqw wr vhw | @ 3/ zkloh wkh xqvxffhvvixo suhihu 

| @ 41 Rq wkh rwkhu kdqg/
wkh rog djuhh rq wkh wd{dwlrq ri wkh |rxqj1 Wkhlu frpprq remhfwlyh lv wr vhw t| vr dv




| lqwhudfwv zlwk 

|n lq wklv h{suhvvlrq/ wkh fkrlfh ri

t
| hqwdlov d iruzdug0orrnlqj hohphqw dqg djhqwv pd| yrwh vwudwhjlfdoo| wr lq xhqfh wkh
ixwxuh fkrlfh ri |n1 Lq sduwlfxodu/ wkh rog fdq pdqlsxodwh 

|n e| wd{lqj wkh |rxqj dw d
vx!flhqwo| orz udwh vr dv wr lqgxfh kljk lqyhvwphqw lq shulrg w/ dqg d ixwxuh pdmrulw| ri
rog vxffhvvixo zkr zloo vhw |n @ 31
KV] vkrz wkdw wzr vhwv ri Pdunry htxloleuld h{lvw xqghu pdmrulw| yrwlqj1 Lq wkh uvw/

t
| @ 4@5 dqg 

|n @ 4> iru doo w  3=
9 Wkh rog xqvxffhvvixo duh dozd|v lq pdmrulw| iurp
shulrg rqh rqzdugv/ wkhuh lv d odujh jryhuqphqw/ dqg vrflhw| lv htxdo1 Sulydwh lqyhvwphqwv




vxffhvvixo duh dozd|v lq pdmrulw| iurp shulrg rqh rqzdugv/ wkhuh lv d vpdoo jryhuqphqw/
vrflhw| lv pruh xqhtxdo/ dqg sulydwh surgxfwlrq lv kljkhu1 Lghqwlfdo vrflhwlhv pd| wkxv
9Wkh wd{dwlrq ri wkh rog lq shulrg }hur ghshqgv rq zklfk jurxs/ hlwkhu vxffhvvixo ru xqvxffhvvixo/ lv
lqlwldoo| lq pdmrulw|1 Exw wklv kdv qr lpsolfdwlrqv iru uhglvwulexwlrq lq wkh iroorzlqj shulrgv1
:Lq sduwlfxodu/ wkhuh lv d frqwlqxxp ri vxfk htxloleuld/ hdfk fkdudfwhul}hg e| d glhuhqw wd{dwlrq ri wkh
|rxqj1 Iru vx!flhqwo| vpdoo q dqg >/ lq doo vxfk htxloleuld wkh wd{ udwh ri wkh |rxqj lv orzhu wkdq lq wkh
rwkhu htxloleulxp/ l1h1/ t 	 *21
;
fkrrvh yhu| glhuhqw ohyhov ri sxeolf jrrgv surylvlrq/ wd{dwlrq dqg uhglvwulexwlrq1 H{fhsw
iru h{wuhph sdudphwhu ydoxhv dqg eholhiv/ orz0delolw| zrunhuv duh ehwwhu r lq wkh htxloleulxp
zlwk d odujh jryhuqphqw1 Qrwh wkdw g|qdplf yrwlqj sod|v d nh| uroh lq gulylqj wkh h{lvwhqfh
ri pxowlsoh htxloleuld1 Lqghhg/ li djhqwv yrwhg p|rslfdoo|/ ljqrulqj wkh hhfw ri wkhlu srolwlfdo
fkrlfh rq ixwxuh srolwlfdo fkrlfhv/ rqo| wkh htxloleulxp zlwk odujh jryhuqphqwv zrxog eh
vxvwdlqhg1
Lw lv lqwhuhvwlqj wr qrwh wkdw wkh srolwlfdo htxloleulxp zlwk d odujh jryhuqphqw ihdwxuhv
pruh wd{dwlrq +dv phdvxuhg e| wkh suhvhqw ydoxh ri wd{hv, wkdq wkh doorfdwlrq pd{lpl}lqj
wkh vwhdg|0vwdwh sxeolf jrrg surylvlrq1 Wkh odwwhu doorfdwlrq kdv ixoo wd{dwlrq ri wkh rog
dqg }hur wd{dwlrq ri wkh |rxqj1 Yrwhuv/ krzhyhu/ gr qrw ixoo| lqwhuqdol}h wkh glvwruwlrqdu|
hhfw ri wd{lqj wkh |rxqj/ dv vrph ri wkh exughq ri wd{dwlrq ri wkh |rxqj dw w lv eruqh e|
djhqwv zkr duh |rxqj dw w. 4=
Ilqdoo|/ xqghu suredelolvwlf yrwlqj/ wkh htxloleulxp rxwfrph lv xqltxh1 Dv orqj dv wkh
pdujlqdo xwlolw| ri wkh sxeolf jrrg lv vx!flhqwo| kljk/ wkh rog duh ixoo| wd{hg1 Li rqo| wkh
rog yrwh/ wkh htxloleulxp lv lqghhg lghqwlfdo wr wkdw zlwk d odujh jryhuqphqw xqghu pdmrulw|
yrwlqj1 Li wkh |rxqj dovr yrwh/ wkh wd{ udwh rq wkh |rxqj lv orzhu/ exw jhqhudoo| srvlwlyh/
dqg wkh uhvxowv duh txdolwdwlyho| vlplodu1
8 Frqfoxglqj uhpdunv
Lq wklv sdshu/ zh kdyh uhylhzhg dqg h{whqghg uhfhqw srolwlfr0hfrqrplf prghov ri g|qdplf
srolwlfdo fkrlfh1 Wr dfklhyh wudfwdelolw|/ zh kdyh uhvwulfwhg dwwhqwlrq wr vshflf ixqfwlrqdo
irupv +olqhdu txdgudwlf xwlolw| ixqfwlrqv, dqg vw|ol}hg hqylurqphqwv +50shulrg ryhuodsslqj
jhqhudwlrqv,1 Zkloh zh duh qrw wkh uvw wr lqfrusrudwh g|qdplf srolwlfdo fkrlfh lq pdfurh0
frqrplfv/ wkh suhylrxv olwhudwxuh kdg wr uhvruw wr qxphulfdo vlpxodwlrqv +vhh h1j1 Nuxvhoo
dqg Uðrv0Uxoo/ 4<<9 dqg 4<<</ dqg Vdlqw Sdxo/ 5334,/ zklfk kdv riwhq ehhq uhjdughg dv d
vkruwfrplqj ri wkhvh wkhrulhv1
Lq ixwxuh/ zh dlp dw eulqjlqj hpslulfdo gdwd wr ehdu rq wkh wkhru|1 Lq vrph zrun0
lq0surjuhvv/ zh lqwurgxfh surgxfwlylw| vkrfnv lq d prgho zlwk jryhuqphqw wudqvihu/ dqg
irfxv rq krz wkh hqgrjhqrxv srolf| ghwhuplqdwlrq jhqhudwhv shuvlvwhqfh/ hyhq zlwk l1l1g1
whfkqrorj| vkrfnv1 Zh sodq wr frpsduh wkh txdqwlwdwlyh suhglfwlrqv ri wkh prgho zlwk gdwd
rq rxwsxw/ hpsor|phqw dqg uhglvwulexwlyh srolflhv dw exvlqhvv f|foh iuhtxhqflhv1
<
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Nuxvhoo/ S1 dqg Uðrv0Uxoo/ M1 Y1 +4<<9,/ cYhvwhg lqwhuhvwv lq d srvlwlyh wkhru| ri vwdjqdwlrq
dqg jurzwk*/ Uhylhz ri Hfrqrplf Vwxglhv 96+5,/ 6345<1
Nuxvhoo/ S1 dqg Uðrv0Uxoo/ M1 Y1 +4<<<,/ cRq wkh vl}h ri wkh X1V1 jryhuqphqw= Srolwlfdo
hfrqrp| lq wkh qhrfodvvlfdo jurzwk prgho*/ Dphulfdq Hfrqrplf Uhylhz ;<+8,/ 4489
;41
Shuvvrq/ W1 dqg Wdehoolql/ J1 +5333,/ Srolwlfdo Hfrqrplfv 0 H{sodqlqj Hfrqrplf Srolf|/
PLW Suhvv/ Fdpeulgjh1
Vdlqw Sdxo/ J1 +5334,/ cWkh g|qdplfv ri h{foxvlrq dqg vfdo frqvhuydwlvp*/ Uhylhz ri Hfr0
qrplf G|qdplfv 7/ 5:86351
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